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In an air conditioning unit where a first air passage 
extending from an inside air inlet (24) to a foot air outlet 
(52) and a second air passage extending from an outside air 
inlet (22) to a defroster air outlet (40) and a vent air 
passage (41) are partitioned by a partition plate (32), there 
is provided an evaporator outlet sensor (80) for detecting a 
temperature of cool air just having passed through an 
evaporator (31). 
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[Title of the Invention] Air conditioning apparatus 
[Abstract] 

[Purpose] Improving energy- saving at a manual mode without 
missing comfortable conditioning. 

[Constitution] A predetermined temperature Tset is 
calculated based on a predetermined temperature sense Sset input 
by a user or the like (step 120), and heat quantity Qao required 
for room heating/room-cooling is calculated based on this 
predetermined temperature Tset, an inside temperature Tr, an 
outside temperature Tarn and the like (step 130) . Then, it is 
judged whether a room condition is a steady state or a transitional 
state by a temperature difference between the predetermined 
temperature Tset and the inside temperature Tr (step 140), so that 
a flowing-air amount at an auto mode Vao is determined respectively 
at a steady-state time and a transitional-state time (steps 141*7" 
142) . At a manual mode, the flowing-air amount at an auto mode Vao 
is compared with a flowing-air amount at a manual mode Vm (step 
153) . When Vao is equal to or larger than Vm, a blowing-air 
temperature Tao is determined based on the flowing-air amount at an 
auto mode Vao and the required heat quantity Qao (steps 154, 160) . 
On the other hand, when Vao is smaller than Vm, the blowing-air 
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temperature Tao is determined based on the flowing-air amount at a 
manual mode Vm and the required heat quantity Qao (steps 155, 160) . 
[Claim] 

[Claim 1] An air conditioning apparatus having a function 
for controlling a temperature of air blown into a room and a 
blowing-air volume, characterized by comprising: 

determining means for determining a heat quantity required 
for room-air conditioning, 

operation-mode judging means for judging whether operation 
is an auto mode when the blowing-air volume is automatically set 
or a manual mode when the blowing-air volume is manually set, and 

blowing-air-temperature determining means which compare a 
flowing-air amount at an auto mode and a flowing-air amount at a 
manual mode at a manual-mode time, which determines a blowing-air 
temperature based on the flowing-air amount at an auto mode and 
said required heat quantity when the flowing-air amount at an auto 
mode is larger, and which determines the blowing-air temperature 
based on the flowing-air amount at a manual mode and said required 
heat quantity when the flowing-air amount at a manual mode is 
larger. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to an air conditioning 
apparatus performing a function for controlling a temperature of 
air blown into a room and a blowing-air volume. 

[0002] 



( *; « 

[Prior Art] The so-called auto-air-conditioner mounted on 
a recent vehicle can automatically control a blowing-air 
temperature and a blowing-air volume so as to maintain a passenger- 
compartment temperature at a temperature predetermined by a 
temperature-setting switch when an operational mode is switched to 
an auto mode (AUTO) . When it is switched from this auto mode to 
a manual mode when a blowing-air volume is manually set, a blowing- 
air volume is fixed at a flowing-air amount predetermined by a 
flowing-air-amount switching switch, and at this flowing-air 
amount, the blowing-air temperature is controlled so as to maintain 
the passenger-compartment temperature at the predetermined 
temperature . 

[0003] 

[Problems that the Invention is to be Solved] 
In the conventional constitution described above, when a 
blowing-air volume is predetermined at a manual mode and the 
flowing-air amount at a manual mode is larger than that at an auto 
mode, a bowing-air temperature is corrected so as to become higher 
than that at an auto mode at cooling time. In this case, when the 
flowing-air amount is made larger, COP (a coefficient of 
performance) can be improved higher for generating the same heat 
quantity- Therefore, if the flowing-air amount at a manual mode 
is made larger, COP can be improved all the higher, thereby 
generating an advantage that an energy-saving effect can be 
obtained. 

[0004] 

However, when the flowing-air amount at a manual mode is 
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smaller than that at an auto mode, the blowing-air temperature is 
corrected to become lower than that at an auto mode at a cooling 
time so as to maintain the passenger-compartment temperature at a 
predetermined temperature by a smaller flowing-air amount. 
Therefore, on the contrary to the above-mentioned case, COP of a 
refrigeration cycle is reduced, thereby generating a disadvantage 
that energy consumption is increased. 
[0005] 

The present invention has been accomplished in view of the 
above-mentioned problem, and its object is to provide an air 
conditioning apparatus which can obtain an energy-saving effect 
without missing comfortable conditioning at a manual mode time. 

[0006] 

[Means for Solving the Problems] In order to achieve the 
above-mentioned object, an air conditioning apparatus according to 
the present invention has a function for controlling a temperature 
of air blown into a room and a blowing-air amount, and includes 
heat-quantity-determining means for determining heat quantity 
required for room-air-conditioning, operation-mode judging means 

for judging whether operation is an auto mode when the blowing-air 
amount is automatically set or a manual mode when the blowing-air 
amount is manually set, and blowing-air-temperature determining 
means. At a manual-mode time, the blowing-air-temperature 
determining means compare a flowing-air amount at an auto mode and 
that at a manual mode. When the flowing-air amount at an auto mode 
is larger, they determine a blowing-air temperature based on the 
flowing-air amount at an auto mode and the required heat-quantity. 
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When the flowing-air amount at a manual mode is larger, they 
determine the blowing-air temperature based on the flowing-air 
amount at a manual mode and the required heat quantity. 
[0007] 

[Function] At a time of air-conditioning operation, a heat 
quantity required for room-air conditioning is calculated and it 
is judged by the operation-mode judging means whether an operation 
mode is an auto mode or a manual mode. As this result, when it is 
judged to be the manual mode, the blowing-^air-temperature 
determining means compare a flowing-air amount at an auto mode and 
that at a manual mode at a manual-mode time. When the flowing-air 
amount at an auto mode is larger, the means determine a blowing-air 
temperature based on the flowing-air amount at an auto mode and the 
required heat quantity. In this case, even when the flowing-air 
amount at a manual mode is smaller than that at an auto mode, the 
blowing-air temperature is equal to that at an auto mode, so that 
a heat quantity supplied into a room becomes smaller than the 
required heat quantity described above. However, a time when a 
passenger makes the manual-mode flowing-air amount smaller is a 
time when he wants to make heating/cooling weaker. A result 
becomes the blowing-air temperature fitting his thermal sense, 
thereby improving comfortable conditioning more than the 
conventional case. Further, a quantity of heat to be supplied into 
a room can be reduced, thereby achieving a energy-saving effect. 

[0008] 

On the other hand, when the flowing-air amount at a manual 
mode is larger, the means determine the blowing-air temperature 




based on the flowing-air amount at a manual mode and the required 
heat quantity. Thus, a suitable heat quantity ( a required heat 
quantity) is supplied into a room, thereby maintaining comfortable 
conditioning . 

[0009] 

[Embodiment] 

[A First Embodiment] A first embodiment according to the 
present invention, which is applied to an air conditioning 
apparatus for an electric vehicle, will be explained with reference 
to FIGS. 1-9. First, whole rough constitution of the air 
conditioning apparatus is explained with reference to FIG. 2. An 
outside-air suction port 22 sucking air outside a passenger 
compartment (outside air) and two inside-air-suction ports 23, 24 
sucking air inside the passenger compartment (inside air) upstream 
of an air duct 21 are provided. On the other hand, an 
inside/outside air dumper 25 is provided at an intermediate 
position between one of the inside-air suction ports 23 and the 
outside-air suction port 22. An open degree of the inside-outside- 
air dumper 25 is adjusted by a servomotor 26, thereby being able 
to change a mixing ratio of air sucked from the outside-air suction 
port 22 and air sucked from the inside-air suction ports 23, 24, 
so that a suction-air temperature can be adjusted. Blowers 27, 28 
are respectively provided downstream of this inside-outside-air 
dumper 25 and downstream of the inside-air suction port 24, and 
attached to a rotation shaft of a blower motor 29. The blower 
motor is driven by a driving circuit 30. Further, an air passage 
is partitioned downstream of the blowers 27, 28 by a partition 
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plate 32b. 

[0010] 

On the other hand, an evaporator 31 is disposed downstream 
of the blowers 27, 28, and the air passage is partitioned into two 
upper/lower air-passages 33, 34 downstream of this evaporator 31 
by a partition plate 32. A condensor is disposed in the lower-side 
air-passage 34, and the upper portion of this condensor 35 
protrudes into the upper-side air-passage 33* A forced-cooling 
dumper 36 is disposed above the condensor 35, and driven by a 
servomotor 37, so that a volume of air bypassing the condensor 35 
can be changed. A communicating dumper 38 is disposed in a 
communicating port 32a provided in the partition plate 32 
downstream of the condensor 35, and driven by a servomotor 39, 
thereby being able to change a volume of air flowing through the 
communicating port, thereby being able to reduce a ventilation 
resistance at a single mode (for example, a f VENT J mode, a TFOOTJ 
mode, or the like) time. 
[0011] . 

A defroster blow port 40 and a vent blow port 41 are 
provided in the upper-side air-passage 33, and wide blow ports 42 
and spot blow ports 43 are provided downstream of this vent blow 
port 42. In this case, as shown in FIG. 3, the wide blow ports 42 
are respectively formed in an oblong on two areas, on an upper 
portion of a meter panel 44 in a driver's seat side and on an 
instrument panel 45 in a side of a seat adjacent to a driver's, 
seat. A small . flowing-amount of air (for example, 200 m 3 /h, a 
flowing-air speed 3 m/sec) can be gently blown from these both wide 



blow ports 42. On the other hand, spot blow ports 43 are provided 
totally on four areas, on a center portion and both right-end/ left- 
end portions of the instrument panel 45. A large flowing-amount 
of air (for example, 400 m 3 /h, a flowing-air speed 10 m/sec) can be 
blown from these spot blow ports 43. Further, switching between 
a small flowing-amount of air (wide blow ports 42) and a large 
flowing- amount of air (spot blow ports 43) is performed by driving 
a spot/wide switching dumper 46 provided in the exit side of a 
vent-blow passage 41 (refer to FIG. 2) by a servomotor 47. 
[0012] 

Dumpers 48, 49 are also respectively provided in the 
entrance side of the vent-blow passage 41 and the defroster blow 
port 40, and respectively driven by servomotors 50, 51. On the 
other hand, a foot blow port 52, blowing air to the foot of the 
passenger, is provided downstream of the lower-side air-passage 34 . 
A dumper 54, driven by a servomotor 53, is also provided in the 
foot blow port 52. Each of the dumpers 36, 38, 46, 25 is operated 
according a blowing mode as shown in TABLE 1 . 

[0013] 

[TABLE 1] 

[0014] 

In this TABLE 1, each of the dumpers 46, 48, 49, 54 is 
switched so that air is blown from the spot blow port 43 at a 
TFACE/SPOTJ mode, air is blown from the wide blow port 42 at a 
TFACE/WIDEJ mode, air is blown from both of the wide blow port 42 
and the foot blow port 52 at a TB/LJ mode, air is blown at a ratio 
of air from the foot blow port 52 to air from the defroster blow 
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port 40, which is 80 to 20, at a TFOOTJ mode, air is blown at a 
ratio of air from the foot blow port 52 to air from the defroster 
blow port 40, which is 50 to 50, at a FFOOT/DEFJ mode, and air is 
blown from the defroster blow port 4 0 at a FDEFJ mode. Further, the 
open degree of the inside-outside-air dumper 25 is controlled 
linearly as described below. 
[0015] 

On the other hand, the evaporator 31 and the condensor 35 
described above constitute a refrigeration cycle 55 including a 
heat pipe. Pipes connects a compressor 56, a four-way valve 57, 
an outside-heat exchanger 58, check valves 59, 60, a capillary 61, 
electromagnetic valves 62, 63, 64, an expansion valve 65, an 
accumulator 90, the evaporator 31 and the condensor 35, thereby 
constituting this refrigeration cycle 55. Each of the 

electromagnetic valves 62, 63, 64 and the four-way valve 55 are 
respectively switched according to each operational mode of the 
refrigeration cycle as shown in TABLE 2. 

[0016] 

[TABLE 2] 

[0017] 

As shown from this TABLE 2, at a cooling mode, the four-way 
valve 57 is switched to a position shown as a dashed line in FIG. 
2 (a switch-on position) . Refrigerant discharged from a discharge 
port 56a of the compressor 56 circulates through the following 
route; the check valve 59 -» the outside heat exchanger 58 — » the 
capillary 61 -» the evaporator 31 the accumulator 90 -*> the 

suction port 56b of the compressor 56. Thus, the high-temperature 
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gas refrigerant discharged from the discharge port 56a of the 
compressor 56 is liquefied in the outside heat exchanger 58 by 
radiation, and this liquid refrigerant is evaporated in the 
evaporator 31, thereby cooling air flowing through the evaporator 
31 . 

[0018] 

On the other hand, at a heating mode, the four-way valve 57 
is switched to a position shown as a continuous line in FIG . 2 (a 
switching-of f position) . Refrigerant discharged from the discharge 
port 56a of the compressor 56 circulates through the following 
route; the condensor 35 — > the expansion valve 65 the check valve 
60 -> the outside heat exchanger 58 -» the electromagnetic valve 62 
-> the accumulator 90 -> the suction port 56b of the compressor 56. 
Thus, the high- temperature gas refrigerant discharged from the 
discharge port 56a is liquefied in the condensor 35 by radiation, 
thereby heating air flowing through the condensor 35 by the 
radiation . 

[0019] 

At a defrosting mode, the four-way valve 57 is at the 
position shown as a continuous line in FIG. 2, the electromagnetic 
valve 63 is opened, and the high-temperature gas refrigerant 
discharged from the discharge port 56a of the compressor 56 is 
supplied into the outside heat exchanger 58 via the condensor 35 
and the electromagnetic valve 63, thereby removing frost adhering 
to the surface of the outside heat exchanger 58. 
[0020] 

Further, at a dehumidif ying mode H, the four-way valve 57 
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is at the position shown as a continuous line in FIG- 2, the 
electromagnetic valve 63 is closed, the electromagnetic valve 64 
is opened, and a part of the refrigerant supplied into the outside 
heat exchanger 58 is also supplied into the evaporator 31, thereby 
removing humidity by this rather weaker cooling operation of the 
evaporator 31. At a dehumidif ying mode C, the four-way valve 57 
is at the position shown as a continuous line in FIG. 2, the 
electromagnetic valve 63 is opened, the outside heat exchanger 58 
also functions as a condensor together with the condensor 35, and 
the liquid refrigerant liquefied in both of the condensor 35 and 
the outside heat exchanger 58 supplied into the evaporator 31, 
thereby removing humidity by this rather stronger cooling operation 
of the evaporator • 31 . 
[0021] 

Further, a outside fan 89 for forced-cooling is provided 
against the outside heat exchanger 58, and a fan motor 89a of this 
outside fan 89, as shown in FIG- 5, can be switched among a high 
rotation speed "Hi", a low rotation speed "Lo" and a stop "OFF" 
according to an operational mode and data output from each sensor 
described below. For example, in a cooling mode, when a outside 
temperature Tarn detected by an outside temperature sensor 7 8 is 
higher than 25 °C, the fan motor 89a is switched to "Hi". When 
lower than 22 °C, it is switched to "Lo" . On the other hand, in a 
heating mode, the outside temperature Tarn is lower than 13 °C, it 
is switched to "Hi". When higher than 16 °C, it is switched to 
"Lo". In a dehumidif ying mode H, when a temperature difference 
between a blowing-air temperature Tao described below and a 
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temperature of air having flowed through the condensor 35 
(hereinafter, referred to as Ccondensor outlet temperaturej ) Tc is 
lower than 0 °C, it is switched to a stop "OFF". When higher than 
2 °C, it is switched to "Hi". When in the range of 1-2 °C and 1-0 
°C, it is switched to "Lo". In a dehumidif ying mode C, the fan 
motor 89a is switched to "Hi", "Lo" and "OFF" in this priority 
order according to a refrigerant discharge pressure Pr detected by 
a refrigerant-discharge pressure sensor 88, a condensor-outlet 
temperature Tc and a temperature difference as Tao - Tc. For 
example, when the refrigerant-discharge pressure Pr is equal to 19 
kgf/cm 2 G or more, it is always switched to "Hi" independent of the 
values of Tc and temperature difference as Tao - Tc. In the same 
manner, when the temperature difference as Tao - Tc is equal to -2°C 
or less, it is always switched to "Hi" even if the refrigerant- 
discharge pressure is less than 19 kgf/cm 2 G. 
[0022] 

On the other hand, the number of rotation of a motor 66, 
for driving the compressor 56 of the refrigeration cycle 55, is 
controlled by a inverter 67. This inverter 67, servomotors 26, 37, 
39, 47, 50, 51, 53, the outside fan 89 and the driving circuit 30 
of the blower motor 29 are controlled by a electrical control unit 
(hereinafter, referred to as "ECU") 68. This ECU 68 is mainly 
composed of a microcomputer, and includes a CPU 69, a RAM 70 for 
temporarily memorizing various data or the like, a ROM 71 for 
memorizing the controlling program shown in FIG. 1, an A/D 
converter 72 for converting input data into digital values, an I/o 
portion 73 and a quartz resonator for generating a standard signal 
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of millions-Hz-range . Electrical power is supplied to the ECU 68 
from a battery 75 via a ignition switch 76. 
[0023] 

This ECU 68 inputs output signals from an inside 
temperature sensor 77 for detecting an inside temperature Tr, the 
outside temperature sensor 78 for detecting the outside temperature 
Tarn, a solar radiation sensor 79 for detecting a solar-radiation 
amount Ts, an evaporator-outlet-temperature sensor for detecting 
the temperature Te of cooled air which is immediately after having 
flowed through the evaporator 31 (hereinafter, referred to as 
"evaporator-outlet temperature") , a condensor-outlet- temperature 
sensor 81 for detecting a condensor-outlet temperature Tc, a 
refrigerant-discharge-pressure sensor 88 for detecting a 
refrigerant-discharge pressure Pr of the compressor 56, a thermal- 
sense-setting device 82 which a passenger manually operates to set 
a predetermined thermal-sense Sset or a control target, and the 
like via the A/D converter 72. 
[0024] 

The thermal-sense-setting device 82 mentioned above 
includes a rather-cooler-setting key 82a and a rather-warmer- 
setting key 82b, and is provided on an air-condition-control panel 
83 disposed in a center portion of an instrument panel 45, as shown 
in FIG, 2. As shown in FIG. 3, a thermal-sense display portion 84, 
composed of plural light-generation elements 84n which are arranged 
laterally in a line, is provided above the thermal-sense-setting 
device 82 on this control panel 83. This thermal-sense display 
portion 84 displays the predetermined thermal-sense Sset input by 
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the rather-cooler-setting key 82a or the rather-warmer-setting key 
82b. This predetermined- thermal-sense Sset is an index which shows 
whether how cool it is to be made or how warm it is to be made on 
the basis of an average temperature 25°C (refer to FIG . 6(a)). The 
light-generation element 84n, located at a center of the thermal- 
sense display portion 84, is lighted in a state before operating 
each of the keys 82a, 82b. Then, every pushing the rather-cooler 
key 82a once, the predetermined thermal-sense Sset is reduced rank 
by rank, so that a lighted position is shifted to the left side one 
by one. Every pushing the rather-warmer key 82b once, the 
predetermined thermal-sense Sset is raised rank by rank, so that 
a lighted position is shifted to the right side one by one. 
[0025] 

In addition to these, on the air-condition control panel 
83, there are provided an air-conditioning on/off switch 85, a 
rear-def ogger switch 86, a front-defroster switch 87, an auto 
switch 91 for switching an air-condition operation from a manual 
mode to an auto mode, an off switch 92 for stopping the air- 
condition operation and four manual-mode flowing-air-amount 
switching switches Lo, Ml, M2, Hi for switching a flowing-air 
amount of a manual mode to each of four steps. 

[0026] 

On the other hand, by performing the controlling program 
shown in FIG. 1, the ECU 68 calculates the heat quantity Qao 
required for the room air-conditioning and judges whether it is an 
auto mode or a manual mode. Further, at a manual mode time, when 
the flowing-air amount at an auto mode Vao is equal to the flowing- 
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air amount at a manual mode Vm or more, the ECU 68 determines the 
blowing-air temperature Tao based on the flowing-air amount at an 
auto mode Vao and the required heat-quantity Qao, and when Vao < Vm 
, the ECU 68 determines the blowing-air temperature Tao based on 
the flowing-air amount at a manual mode Vm and the required heat- 
quantity Qao. 

[0027] 

The control contents of this ECU 68 will be described later 

with reference to an flow chart shown in FIG. 1. At first, a 

counter and a flag used for later processing are initialized at 

step 100. Then, it proceeds to step 110, when the thermal-sense 

Sset, input by operating the thermal-sense-setting device 82, is 

read. Further, the inside temperature Tr, the outside temperature 

Tarn, the solar-radiation amount Ts, the evaporator-outlet 

temperature Te and the condensor-outlet temperature Tc are detected 

respectively by the inside-temperature sensor 77, the outside- 

temperature sensor 78, the solar-radiation sensor 79, the^ 

evaporator-out let- temperature sensor<^8q)a nd the condensor-outlet- 
, — — — ■ — — ~ ■ ■ 

temperature sensor 81. Then, each of these data are read. 
[0028] 

Then, it proceeds to step 120, when the predetermined 
temperature Tset is calculated by the following formula (1) 
according to the predetermined thermal-sense Sset and the solar- 
radiation amount Ts. 

Tset = f (Sset, Tarn, Ts) = Tset 1 + A Tarn + ITs ... (1) 
In this formula, 

Tset 1 = 25 + 0.4 Sset ... refer to FIG. 6(a) 
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ATam = (10 - Tam)/20 . .. refer to FIG. 6(b) 
&Ts = -Ts/1000 ... refer to FIG . 6(c) 

[0029] 

After the predetermined temperature Tset is calculated in 
the above-described manner, the step proceeds to step 130, when the 
heat-quantity Qao, required for maintaining the temperature inside 
the passenger compartment at the predetermined temperature Tset, 
is calculated by the following formula (2) . 

Qao = KlXTset - K2 X Tr - K3XTam - K4XTs +C ... (2) 
In this formula, Kl, K2, K3 and K4 are coefficients , and C is a 
constant. Though this formula (2) seems to be identical to a 
conventional formula, the coefficients Kl, K2, K3, K4 and the 
constant C are respectively set at considerably more values than 
those of the conventional formula. 
[0030] 

After the required heat-quantity Qao is calculated by the 
above-mentioned formula (2), it proceeds to step 140, when it is 
judged whether an air conditioning state at that time is a steady 
state or a transitional state as in the following way. At first, 
the temperature difference | Tset - Tr|, between the predetermined 
temperature Tset and the inside temperature Tr, is calculated. 
Then, it is judged whether or not this |Tset - Tr | is equal to or 
less than a predetermined valuefi (for example, 6= 3°C) . The air- 
conditioning state is judged to be a steady state when |Tset - 
Tr|^<5, and is judged to be a transitional state when |Tset - 
Tr | >6 . 

[0031] 
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At a time of a steady state, it proceeds to step 141, when 
a flowing-air amount Vb is calculated by characteristics of a 
flowing-air amount to the required heat-quantity Qao at a time of 
a steady state shown in FIG. 1. This flowing-air amount Vb is set 
to the blowing-air amount Vao (this Vao becomes the auto-mode 
flowing-air amount at a steady-state time) . Further, FIG. 7 shows 
the characteristics between a flowing-air amount and a temperature 
according to the present embodiment as a continuous line, and shows 
those according to a conventional example as an one-dot chain line. 
As seen from FIG. 7, the flowing-air-amount characteristics 
according to the present embodiment are as follows. That is, 
though the flowing-air amount Vb, in a range where the required 
heat-quantity Qao is smaller in order to improve COP of the 
refrigeration cycle 55, is increased than a conventional example, 
this increasing of the flowing-air amount is limited to the level 
which is not inhospitable to a passenger. By employing the 
flowing-air-amount characteristics as this, the temperature 
characteristics according to the present embodiment are set to the 
manner, for example, the blowing-air temperature Tao is set to a 
temperature higher than that according to a conventional example 
by 5°C at a cooling time, and is set to a temperature lower than 
that according to a conventional example by 15°C at a heating time. 
[0032] 

On the other hand, when the air-conditioning state is 
judged to be a transitional state at the above-mentioned step 140, 
it proceeds to step 142, when the blowing-air amount Vao is 
calculated by the following formula (3) (this Vao becomes the auto- 
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mode flowing-air amount at a transitional state time) . 

Vao = Vb + AV (3) 

In this formula, Vb is calculated by the characteristics of the 
flowing-air amount to the required heat-quantity Qao at a steady 
state shown in FIG . 7. AV is a correction-flowing-air amount, and 
calculated by the characteristics of the correction-flowing-air 
amount to a temperature difference as Tr - Tset shown in FIG. 8. 
In the present embodiment, the correction-flowing-air amount AV is 
set to a manner where it becomes "0" at a heating time. This 
reason is as follows. That is, if the blowing-air amount Vao is 
increased considerably at a heating time, the blowing-air 
temperature Tao is excessively lowered, thereby conversely reducing 
warmth a passenger exposed to the blowing air senses (however, Vao 
can be set to be a manner where > 0 even at a heating time in 

a range which is not inhospitable to a passenger as described 
later. ) 

[0033] 

If the blowing-air amount Vao is determined at the above- 
mentioned step 141 or 142, it proceeds to step 150, when it is 
judged whether a flowing-air-amount-setting mode is an auto mode 
or a manual mode. When any one of manual-mode flowing-air-amount 
switching switches 93-96 is turned on, the mode is judged to be a 
manual mode. When all of the switches are turned off, the mode is 
judged to be an auto mode. If the mode is judged to be an auto 
mode at this step 150, it proceeds to step 151, when a volume Va of 
air blown into a passenger compartment is set to the value Vao 
determined at the above-mentioned step 141 or 142. Then, it 
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proceeds to step 160. 
[0034] 

On the other hand, at the case of a manual mode, it 
proceeds to step 152. Then, when each of the flowing-air-amount 
switching switches at respective manual modes Lo, Ml, M2, Hi is 
turned on, the manual-mode flowing-air-amount Vm is set as follows. 
For example, Vm is set to 200 (m 3 /h) at an on-state of Lo, set to 
270 (m 3 /h) at an on-state of Ml, set to 340 (m 3 /h) at an on-state of 
M2, and set to 400 (m 3 /h) at an on-state of Hi. 
[0035] 

Thereafter, it proceeds to step 153, when it proceeds to 
step 154 when this manual-mode flowing-air amount Vm is equal to or 
less than the auto-mode flowing-air amount Vao calculated at the 
above-mentioned step 141 or 142 as compared with the auto-mode 
flowing-air amount Vao. At the step 154, the auto-mode flowing-air 
amount Vao is set to Vao 1 which is used for calculating the blowing- 
air temperature Tao by a formula (4) described later, while the 
manual-mode flowing-air amount Vm is set to the volume Va of air 
blown into a passenger compartment. 
[0036] 

On the other hand, when the manual-mode flowing-air amount 
Vm is larger than the auto-mode flowing-air amount Vao, it proceeds 
to step 155, when the manual-mode flowing-air amount Vm is set to 
Vao ? which is used for calculating the blowing-air temperature Tao 
by a formula (4) described later, while the manual-mode flowing-air 
amount Vm is set to the volume Va of air blown into a passenger 
compartment . 
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[0037] 

If Va and Vao' are determined at the step 154 or 155 in the 
above-mentioned way, it proceeds to step 160, when the blowing-air 
temperature Tao is calculated by the following formula (4) . 
Tao = Qao/ (Cp- r - Vao 1 ) + Tr = 3 . 57 XQao/Vao' + Tr . . . (4) 
[Cp : the specific heat of air, r : the specific gravity of air 
(25°C)] 

In the above-mentioned formula (4), Vac is equal to Vao when Vao^Vm 
(the step 154) . Therefore, even if the manual-mode flowing-air 
amount Vm is smaller than the auto-mode flowing-air amount Vao, the 
blowing-air temperature Tao calculated by the above-mentioned 
formula (4) becomes equal to that at an auto-mode time, so that a 
quantity of heat supplied into a room is smaller than the required 
heat-quantity Qao. However, a time when a passenger makes the 
manual-mode flowing-air amount Vm smaller is a time when the 
passenger wants to make heating/cooling weaker. Therefore, as a 
result, the blowing-air temperature Tao fits to, the thermal sense 
of a passenger, thereby improving comfortable conditioning as 
compared with a conventional example. Further, since the quantity 
of heat supplied into a room can be reduced, an energy-saving 
effect can be also obtained. 
[0038] 

On the other hand, when the manual-mode flowing-air amount 
Vm is larger than the auto-mode flowing-air amount Vao, Vao 1 becomes 
equal to Vm, so that the blowing-air temperature Tao is calculated 
based on the manual-mode flowing-air amount Vm and the required 
heat-quantity Qao calculated at the step 130. Thus, a heat 
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quantity suitable for a room (equal to the required heat-quantity 
Qao) is supplied, thereby maintaining the comfortable conditioning. 
[003.9] 

If the- blowing-air temperature Tao is calculated as follows, 
it proceeds to" step 170, when an open degree of the inside-outside- 
air dumper 25 is calculated by the following formula (5) so as to 
make the temperature difference smaller between the blowing-air 
temperature Tao. and a temperature Tin of air sucked from the 
inside-air suction ports 23, 24 and the outside-air suction port 
22 (hereinafter, -referred to as "suction-air temperature". 
Generally, the suction-air temperature Tin is calculated by the 
following formula (5) . 

Tin = tt ° Tarn + (1 -a) ° Tr (5) 

'(a: the mixing ratio of outside air) 
Here, an absolute value Tdi is taken as an absolute value of the 
difference temperature between the blowing-air temperature Tao at 
an entirely-inside-air time (a =0) and the suction-air 
temperature Tin (= Tr) . At first, the absolute value Tdi is 
calculated by the following formula (6) using this relation. 

Tdi = | Tao - Tr | (6) 

Here, an absolute value Tdo is taken as an absolute value of the 
difference temperature between the blowing-air temperature Tao at 
an outside-air maximum- suction time (a is maximum) and the 
suction-air temperature Tin (= Tr) . Then, the absolute value Tdo 
is calculated by the following formula (7) . 

Tdo = |Tao - { a ■ Tarn + (1 -a) • Tr} | (7) 

Thereafter, it is judged whether either of Tdi and Tdo is larger 
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by comparison between Tdi and Tdo. Then, it is set to an inside- 
air mode (a = 0) when Tdi ^ Tdo, and the outside-air-suction port 
22 is entirely opened by the inside-outside-air dumper 25. 
[0040] 

On the other hand, it is set to an outside-air mode when 
Tdi > Tdo, and the mixing ratio of outside air "x" is calculated 
by the following formula (8). 

x = (Tao - Tr)/(Tam - Tr) (8) 

When a value of "x" calculated by the formula (8) is within a range 
between a value of a at the maximum-outside-air-suction time ( ot 
max) and a value of a at the inside-air mode {a = 0), that is, 
when 0 ^ x ^ amax, a target-mixing ratio of outside air is set 
to this value of "x". It becomes an inside-outside-air 

combination-mode when an open degree of the inside-outside-air 
dumper 25 can be changed linearly so as to realize this target- 
mixing ratio of outside air. 
[0041] 

By performing the same control as this manner, the open 
degree of the inside-outside-air dumper 25 is automatically 
adjusted so as to reduce the difference between the blowing-air 
temperature Tao and the suction-air temperature Tin. Therefore, a 
quantity of heat, supplied to suction air (the required heat- 
quantity Qao) , can be reduced, thereby further improving saving- 
electrical-power . 

[0042] 

After the open degree of the inside-outside-air dumper 25 
is calculated at the above-mentioned step 170, it proceeds to step 
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180, when it is judged as follows whether the operational mode of 
the refrigeration cycle 55 is set to a heating mode or a cooling 
mode. At first, the suction-air temperature Tin is calculated by 
the formula (5) . In this case, the suction-air temperature Tin is 
calculated by using the value of "x" calculated at the mixing ratio 
of outside air a at the above-mentioned step 170. Here, a 
temperature difference Tm is taken as a temperature difference 
between the blowing-air temperature Tao and the suction-air 
temperature Tin. Next, the temperature difference Tm is calculated 
by the following formula (9) . 

Tm = Tao - Tin (9) 

Then, the compressor 56 of the refrigeration cycle 55 is set to a 
heating mode when Tm ^ +0 (for example, © = 2°C) , set to a cooling 
mode when Tm ^ -©, and stopped when - 0 < Tm < +0. 
[0043] 

After the operational mode of the refrigeration cycle 55 is 
judged in this manner, it proceeds to step 190, when an open degree 
of each dumper 36, 38, 46, 48, 49 or 54 is determined based on the 
blowing-air temperature Tao and the blowing-air amount Vao. Then, 
it is judged whether a blowing mode is set to "FACE (spot)", "FACE 
(wide)", "B/L", "FOOT", "FOOT/DEF" or "DEF" . The details of this 
blowing mode is shown in TABLE 1 appended above. 
[0044] 

After the controlling data, determined in the same manner 
as described above (step 200) , are respectively output to each 
apparatus, it returns to the step 110 and the process is repeated, 
thereby controlling the air-condition operation. At this time, a 
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blower voltage, applied to a blower motor 29, is determined in 
response to a blowing mode by voltage characteristics shown in FIG. 
9 so as to realize the flowing-air amount Va calculated at the 
steps 151, 154, 155. 
[0045] 

In this case, when the blowing-air temperature Tao, 
required for maintaining the temperature of a passenger compartment 
at the predetermined temperature Tset, can be made by mixing inside 
air and outside air, the compressor 56 of the refrigeration cycle 
55 is stopped. On the other hand, when the required blowing-air 
temperature Tao can not be made only by inside air and outside air, 
the compressor 56 is driven by an inverter 67, and the 
refrigeration cycle 55 is operated at the operational mode 
determined at the step 180. At this time, the evaporator-outlet 
temperature Te, detected by the evaporator-outlet-temperature 
sensor 80, is under feedback control by PI control or fuzzy- 
algorithmic control at a cooling mode. At a heating mode, the 
condensor-outlet temperature Tc, detected by the condensor-outlet- 
temperature sensor 81, is under feedback control by PI control or 
fuzzy-algorithmic control. 
[0046] 

When PI control is performed, a temperature deviation En is 
calculated by the following formula (10) . 

En = TAon - Tn (10) 

In this formula, a subscript "n" of each variable indicates a n-th 
sampled datum, TAon indicates the blowing-air temperature 
calculated at the steps 142, 144, and Tn indicates the evaporator- 
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outlet temperature Te at a cooling mode and the condensor-outlet 
temperature Tc at a heating mode. 
[0047] 

Then, a frequency- fluctuation amount Dfn of the inverter 67 
is calculated by the following formula (11) . 

Dfn = Kp {(En - Enl) + t/TI ■ En} (11) 

In this formula, Kp is a proportional gain, "t" is a sampling time, 
and TI is an integrated time. A target frequency fn of the 
inverter 67 is calculated by the following formula (12) . 

fn = fnl + Dfn .... (12) 
This target frequency fn is output to the inverter 67, thereby 
controlling the rotation speed of the compressor 56. 
[0048] 

In the first embodiment described above, the auto-mode 
flowing-air amount Vao is compared with the manual-mode flowing-air 
amount Vm at a manual-mode time. Since the blowing-air temperature 
Tao is determined based on the auto-mode flowing-air amount Vao and 
the required heat-quantity Qao when Vao 2^ Vm, the blowing-air 
temperature Tao becomes equal to that at an auto mode time and a 
quantity of heat, supplied into a room, becomes less than the 
required heat-quantity Qao calculated at the step 130 when Vao ^ 
Vm. A time when a passenger makes the manual-mode flowing-air 
amount . Vm smaller is a time when the passenger wants to make 
heating and cooling weaker. Therefore, a result becomes the 
blowing-air temperature Tao fitting a thermal sense of ' the 
passenger, thereby improving comfortable conditioning more than the 
conventional case. Further, a quantity of heat to be supplied into 
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a room can be reduced, thereby achieving a energy-saving effect. 

On the other hand, when the manual -mode flowing-air amount Vm is 
larger than the auto-mode flowing-air amount Vao, the blowing-air 
temperature Tao is calculated based on the manual-mode flowing-air 
amount Vm and the required heat-quantity Qao calculated at the step 
130, so that a suitable heat-quantity (equal to the required heat- 
quantity Qao) is supplied into a room, thereby maintaining 
comfortable conditioning . 
[0049] 

In the first embodiment described above, when the auto-mode 
flowing-air amount Vao is equal to the manual-mode flowing-air 
amount Vm (Vao = Vm ) , it proceeds to the step 154. However, even 
if it proceeds to the step 155 at that time, it goes without saying 
that the same result can be obtained. 

[0050] 

[A Second Embodiment] 

In the first embodiment, the predetermined thermal-sense 
Sset is set by manually operating the thermal-sense-setting device 
82, so that the predetermined temperature Tset is calculated based 
on this predetermined thermal-sense Sset, the outside temperature 
Tarn and the solar-radiation amount Ts. However, a temperature- 
setting switch, for manually setting the predetermined temperature 
Tset (not shown in the drawing) , is provided in place of the 
thermal-sense-setting device 82, so that the predetermined 
temperature Tset can be set by manually operating this temperature- 
setting switch. In this case, the step 120 shown in FIG. 1 is not 
required. 



[0051] 

[A Third Embodiment] 

Here, an absolute value of a temperature difference | Tset - 
Tr | is taken as an absolute value of a temperature difference 
between the predetermined temperature Tset and the inside 
temperature Tr. In the first embodiment, the judgement of a steady 
state/a transitional state is performed by judging whether the 
absolute value of the temperature difference |Tset - Tr I is or not 
equal to or lower than the predetermined value 6 (for example, 
<5=3°C) . However, as shown in FIG. 10, the judgement of a steady 
state/a transitional state can be performed by judging whether a 
variation speed of (Tr - Tset) per unit hour is or not large. In 
this case, the correction flowing-air amount is calculated 

based on the correction-flowing-air-amount characteristics shown 
in FIG. 10 in response to the variation speed of (Tr - Tset) per 
unit hour. 

[0052] 

In addition to this, the judgement of a steady state/a 
transitional state can be performed by judging whether a variation 
speed of the inside temperature Tr per unit hour is or not large 
or by judging whether a time, elapsed from a starting time of an 
air-condition operation, is or not long. Further, when a rapid 
variation of an outside-environmental condition is detected by 
output signals from the outside-temperature sensor 77 and the 
solar-radiation sensor 79, it can be judged to be a transitional 
state . 

[0053] 
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[A Fourth Embodiment] 

As shown in FIG. 11, processes of operation judgement for 
thermal-sense accessories (step 131) and correction for the 
required heat-quantity Qao (step 132) are added between the step 
130 and the step 140 shown in FIG. 1 in an air-conditioning 
apparatus including thermal-sense accessories such as a seat heater 
for heating a vehicle seat, a radiation heater provided on a door 
inner panel, and HWS (Heating Window Shield) for heating a 
windowpane . 

[0054] 

In this case, in the operation judgement for thermal-sense 
accessories at the step 131, it is judged whether the required 
heat-quantity Qao, calculated at the step 130, is as Qao ^ 0 (a 
heating is required) or Qao < /$ (a heating is not required) . Then, 
heating performance is compensated by turning on the thermal-sense 
accessories when Qao 5r ($ . On the other hand, when Qao < /$ , 
heating is not required, thereby turning off the thermal-sense 
accessories . 

[0055] 

In the correction for the required heat-quantity Qao at the 
step 132, the required heat-quantity Qao is corrected to be reduced 
by heating value of the thermal-sense accessories in order to lower 
the blowing-air temperature Tao of hot air in response to heating 
value of the thermal-sense accessories. 

[0056] 

[Another Embodiment ] 

In the first embodiment, at a cooling time, the blowing-air 
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amount Vao is increased by the correction flowing-air amount AV at 
a transient-state time than at a steady-state time, thereby 
improving COP of the refrigeration cycle 55. However, at a heating 
time, since the correction flowing-air amount AV is set to "0" 
(refer to FIG. 8), the flowing-air characteristics at a transient- 
state time also becomes equal to that at a steady-state time. This 
reason is as follows. That is, if the blowing-air amount Vao is 
increased considerably at a heating time, the blowing-air 
temperature Tao is excessively lowered, thereby conversely reducing 
warmth a passenger exposed to the blowing air senses. 
[0057] 

However, even at a heating time, the correction flowing-air 
amount AV can be set as AV > 0, and the blowing-air amount Vao may 
be increased to a level where a passenger does not feel 
uncomfortable. In this case, though the blowing-air temperature 
Tao is lowered according to an increasing amount of the blowing-air 
amount Vao, a required heat-quantity supplied into the passenger 
compartment can be insured by increasing a flowing-air amount. 
Therefore, COP of the refrigeration cycle 55 can be improved 
without reducing heating performance even at a transition time of 
a heating time. 

[0058] 

Further, though the first embodiment is an air-conditioning 
apparatus for an electric vehicle to which the present invention 
is applied, it goes without saying that the present invention can 
be applied to various air conditioning apparatuses such as an air 
conditioning apparatus for an engine-driving-type vehicle or an 
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air-conditioning apparatus for a house. In the case of an air- 
conditioning apparatus for an engine-driving-type vehicle, a heat 
core, through which engine-cooling water circulates, can be used 
as a heat source at a heating time. In the case of a general air- 
conditioning-apparatus, an electric heater can be used as a heat 
source at a heating time. 
[0059] 

In the first embodiment, air is strongly blown from the 
spot blow port 43 at a time of a' large flowing-air amount, and air 
is gently blown from the wide blow port 42 at a time of a small 
flowing-air amount. However, air can be blown from both blow ports 
42, 43 at the same time. In this case, the spot/wide switching 
dumper 4 6 becomes unrequired. 

[0060] 

Further, the thermal-sense-setting device 82 is not limited 
to a key-input-type one, but can be constituted by using such as 
a dial switch. Needless to say, the present invention can be 
performed with variously changing constitution such as constitution 
related to ventilation or constitution of the thermal-sense display 
portion 84. 

[0061] 

[Effect of the Invention] 

As explained above, according to the present invention, the 
auto-mode flowing-air amount is compared with the manual-mode 
flowing-air amount at a manual mode. When the auto-mode flowing- 
air amount is larger, the blowing-air temperature is determined 
based on the auto-mode flowing-air amount and the required heat 
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quantity, so that the blowing-air temperature in this case becomes 
equal to that at an auto-mode time and a heat quantity supplied 
into a room becomes smaller than the required heat quantity. 
However, a time when a passenger makes the manual-mode flowing-air 
amount smaller is a time when the passenger wants to make 
heating/cooling weaker, so that a result becomes the blowing-air 
temperature fitting to his thermal sense, thereby improving 
comfortable conditioning more than a conventional case. Since a 
heat quantity, supplied into a room, can be reduced, a saving- 
energy effect can be also obtained. On the other hand, when the 
manual-mode flowing-air amount is larger than the auto-mode 
flowing-air amount, the blowing-air temperature is determined based 
on the manual-mode flowing-air amount and the required heat 
quantity, so that a suitable heat quantity (= the required heat 
quantity) is supplied into a room, thereby maintaining comfortable 
conditioning . 

[Brief Description of the Drawings] 

[FIG. 1] It is a flowchart showing a controlling program 
of the first embodiment according to the present invention. 

[FIG. 2] It is a schematic view of whole constitution of 
an air-conditioning apparatus . 

[ FIG. 3] It is a front view of an instrument-panel portion 
of a vehicle. 

[FIG. 4] It is a front view of an air-control panel. 

[FIG. 5] It is a drawing showing the relationship between 
operational modes of a refrigeration cycle and operational modes 
of an outside fan. 
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[FIG. 6] (a) is a drawing showing the relationship between 
a predetermined thermal-sense Sset and Tset', (b) is a drawing 
showing the relationship between an outside temperature Tarn and 
&Tam, and (c) is a drawing showing the relationship between a 
solar-radiation amount Ts and &Ts. 

[FIG. 7] It is a drawing showing flowing-air-amount 
characteristics and temperature characteristics at a steady-state 
time. 

[FIG. 8] It is a drawing showing the relationship between 
Tr-Tset and the correction-flowing-air amount AV. 

[FIG. 9] It is a drawing showing the relationship between the 
blowing-air amount Vao and a blower voltage. 

[FIG. 10] It is a drawing showing the relationship between 
a variation speed of (Tr-Tset) and a correction-flowing-air amount 
AV in the third embodiment according to the present invention. 

[FIG. 11] It is a drawing showing a portion of the 
Controlling program of a fourth embodiment according to the present 
invention. 

[Description of the Reference numerals] 
22 outside-air-suction port 

23, 24 inside-air-suction port 
25 inside/outside air dumper 

31 evaporator 
35 condensor 
40 defroster blow port 

42 wide blow port 

43 spot blow port 
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4 6 spot/wide switching dumper 

52 foot blow port 

55 refrigeration cycle 

56 compressor 

57 four-way valve 

58 outside heat exchanger 
61 capillary 

62-64 electromagnetic valve 

65 expansion valve 

67 inverter 

68 ECU (operational-mode- judging means, blowing-temperature- 
determining means) 

77 inside temperature sensor 

78 outside temperature sensor 

79 solar-radiation sensor 

8 0 evaporator-out let- temperature sensor 

81 condensor-out let- temperature sensor 

82 thermal-sense-setting device 
82a rather-cooler key 

82b rather-warmer key 

84 thermal-sense display portion 

88 refrigerant pressure sensor 

89 outside fan 



Lo, Ml, M2, Hi 

manual-mode flowing-air-amount switching switch 
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START 

100: Initializing 

110: Input Tr, Tarn, Ts, Te, Tc from respective sensor, 

and read a predetermined thermal-sense Sset 
120: Calculate a predetermined temperature Tset 

based on the predetermined thermal-sense and the 
outside temperature Tarn 
130: Calculate a required heat quantity QAO 
140: An air-conditioning state is a steady state?, 
or a transitional state? 

steady 

141: A blowing-air amount VAO = VB 
transitional 

142: The blowing-air amount VAO = VB + 
150: An auto mode? 
YES (an auto mode) 
151: VA = VAO 
NO (a manual mode) 

152: Set a manual-mode flowing-air-amount VM by 

flowing-air-amount manually-switching switches 
Lo, Ml, M2, Hi, 

160: A blowing-air temperature TAO = 3 . 57 ■ QAO/VAO 1 + Tr 

170: Calculate an open degree of 

an inside-outside-air dumper 25 

180: A judgement of an operational mode of 
a refrigeration cycle 55 

190: A judgement of a blowing mode 

200: Output the controlling data to each apparatus 
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